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Abstract
Cosmic ray accelerators like supernova and hypernova remnants in star forming
galaxies are one of the most plausible sources of the IceCube observed diffuse astro-
physical neutrinos. The neutrino producing hadronic processes will also produce a
diffuse gamma ray flux, constrained by the Fermi-LAT bounds. The fact that point
sources like blazars also contribute to the diffuse gamma ray flux implies large gamma
opacity of the neutrino sources. Indeed, for these high redshift star forming galaxies
the gamma absorption during the intergalactic propagation can be significant. In ad-
dition, large gamma attenuation inside these extreme source galaxies can reduce the
cascade component of the diffuse flux. Under the current astrophysical uncertainties
affecting these absorptions processes, we find the associated diffuse gamma ray flux
can remain compatible with the current Fermi-LAT bounds.
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1 Introduction
The signature of high energy neutrinos in the IceCube (IC) experiment for the first time
has opened the window observing neutrinos originating at the cosmic distances [1, 2, 3, 4,
5, 6]. The simple explanation of connecting these events to some high energy astrophysical
point source remained elusive as the events are found to be compatible with an isotropic
distribution [3]. Although many astrophysical objects are not compatible with the observed
IC flux, the catalog of proposed sources is nevertheless extensive. It ranges from long GRB
remnants embedded in molecular clouds [7] to active galactic nuclei (AGN) [8] to intense
star forming galaxies [9, 10, 11, 12, 13, 14].
These IC neutrino events observed at such high energies (TeV to PeV) have another
important implication. One of the yet unanswered crucial questions of astroparticle physics
is the nature of the interaction of the cosmic rays (CR). The observation of these high
energy neutrino events is indirectly pointing towards the hadronic interaction of the CR
accelerators as neutrinos are expected to be produced through hadronic processes (via pions
from pp or pγ interactions). This hadronic origin assumption of the neutrino flux will make
the production of gamma rays from neutral pions unavoidable, creating a diffuse background
of γ ray flux. These multimessenger signatures are of great help to constrain the different
astrophysical models compatible with IC high energy neutrino flux.
Among these possibilities there is one natural appealing candidate, consisting of stellar
remnants (hypernova and supernovae remnants) inside galaxies with large star formation
rate, known as star forming galaxies (SFGs). SFGs are distinguished between normal star
forming galaxies (NSFGs) and starburst galaxies (SBGs), i.e, galaxies with extraordinary star
formation. While hypernovae remnants (HNRs) are able to accelerate protons to hundreds
of PeV energies thus generating PeV neutrinos, the more abundant supernovae remnants
(SNRs) will dominate the flux in the hundred TeV range. This scenario is not only able to
explain the measured flux by IceCube, but also predicts a break on the neutrino spectrum
around TeV energies [12]. Indeed, the large flux of neutrinos detected in the TeV ener-
gies with respect to the flux detected at PeV energies points to different sources of cosmic
accelerators in the different energy ranges.
The associated gamma ray flux with these sources will also lay in the GeV-TeV range.
However, at this energy range, the intergalactic medium is highly opaque as the γ rays
interaction with the cosmic microwave background (CMB) and the extragalactic background
light (EBL) remains significant. Of course, the gamma absorption depends on the distance
traveled. SBGs, being distant objects, will result in a very efficient gamma rays absorption.
Thus, the highest energy gamma rays cannot reach us from these far objects. However, this
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flux can reappear in the lower energies. The initial γγ collisions in the intergalactic medium
also produce a e+/e− pairs, which will interact additionally to the EBL photons via the
inverse Compton mechanism, resulting in a cascaded low energy γ ray flux in the GeV energy
range. Thus the total gamma ray flux in the GeV energies is one sensitive measure of all these
different interaction processes. Measuring this diffuse γ flux is one of the great challenges of
the present day physics experiments. One of the main goal of the Fermi-LAT collaboration
experiment is to measure this isotropic diffuse gamma ray background (IGRB), in fact the
measured extragalactic gamma ray background (EGB) includes the diffuse flux. The known
blazar and other γ ray sources also contribute to the EGB. Any plausible hadronic model
of the IC neutrinos should not overpopulate the bounds of the isotropic diffuse gamma ray
background (IGRB) measured by the Fermi-LAT collaboration [15]. For a recent analysis of
observed SFG-SBG point sources and their gamma ray-neutrino correlation, see [17].
The large number of neutrinos detected in the TeV energies have started putting pressure
on this multimessenger picture as these larger fluxes demand a greater diffuse γ background.
Recently, the Fermi collaboration did a survey of the blazar sources in the high energy tail
of the observed Fermi EGB spectra [16]. The stacking of all the blazar point sources gives
the limit of diffuse gamma rays in GeV energies. In the energy interval of 50 GeV to 1 TeV
this limit is found to be very close to the observed diffuse background, leaving no more than
the 14% percent of the observed fluxes to the hadronic channel gamma rays produced with
neutrinos. This apparent tension in the picture is also pointing to a class of sources that
are opaque in the gamma rays [18, 19] etc. Recently, another study [20] for these known
gamma sources found that these limits can actually be more relaxed, i.e, 32 % non blazar
gamma ray contribution. This is due to the fact that the percentage of the blazar component
in EGB still has big uncertainties. However, there is no doubt that they own a significant
fraction of the total EGB. Note that, in the case of blazars, the leptonic models are found
to be successful in explaining the source gamma spectra [21]. There is no co-production of
neutrinos in these models. Of course, invoking a hadronic model with subsequent neutrino
production for the blazar gammas could relieve this tension.
In the following, we focus on the SBGs and calculate the limits coming from the different
components of the diffuse gamma and neutrino spectra. The large dimensions of the early
galaxies with large number of background photons make sure that the gamma rays with
higher energies (1-10 TeV) cannot escape. Thus the cascade component of the gamma rays
coming from the high energy part can get greatly attenuated. The lower energy component
with ordinary intergalactic absorption can still reach the detectors. However, the flux de-
pends on several free parameters and the estimation of the EBL. In this work, we try to
understand the broad picture, independent of the parameter uncertainties. We find that the
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neutrino flux from this model explaining the IC events can still be accommodated in view
of the recent Fermi-LAT non-blazar EGB estimate. Under the present uncertainties of the
EBL and considering the intragalactic absorption, the hadronic gammas can remain under
the observed non-blazar EGB gamma limit. Thus not only the parameter space describing
this model can get narrowed down but also the absorption models of gamma rays can get
constrained. [15, 22].
The outline of this paper is the following. In section 2 we briefly describe the ν and the
γ flux production by the stellar remnants (SRs) embedded in the star forming galaxies. In
section 3 we describe the details of gamma ray spectrum of SFGs, both the cascading and
non cascading component. Then, section 4 , describes the absorption of the γ rays inside the
source galaxies and their effect on the total diffuse gamma ray flux. In section 5 we discuss
the different uncertainties in the estimation of the gamma spectra. Finally, we comment and
conclude in section 6.
2 Diffuse ν and γ flux from stellar remnants
The observed diffuse flux (dN(E
ob
α )
dEobα
, α = ν, γ) from each kind of stellar remnants embedded in
the star forming galaxy is ,
dN(Eobα )
dEobα
=
c
4piH0
∫ zmax
0
dN(Eα)
dEα
RSR(z) dz√
ΩM(1 + z)3 + Ωλ
, (1)
where the RSR(z) is the stellar remnant (SNR or HNR) rate with dN(Eα)/dEα being the
flux at the source and (Eobα = Eα/(1 + z)) is the observed energy for source energy Eα. For
the Hubble parameter (H0), the matter energy density (ΩM) and the dark energy density
(Ωλ) we use 0.69 km s
−1Mpc−1, 0.27 and 0.73, respectively.
Depending on the nature of the host galaxy, i.e. NSFG or SBG, the source flux dN(Eα)/dEα
will be different. The total flux is a weighted sum of the contributions from SBGs and NS-
FGs and also of the different kinds of remnant population, HNR and SNR. The relative
population of the SBGs with respect to NSFGs (fSBG) is estimated to be 10–20 percent
[23, 24, 25]. The source flux from a particular type of host galaxy is given by [26],
dN(Eα)
dEα
=
∫ ∞
Eα
ηpi(Ep)
κ
Jp(Ep)Fα(
Eα
Ep
, Ep)
dEp
Ep
, (2)
with κ (0.2) being the elasticity and ηpi the efficiency of the pion production. The primary
proton spectrum, Jp ∼ E2p exp(−Ep/Emaxp ), depends on the maximum proton energy Emaxp .
The normalization of Jp comes from the total proton energy (E
T
p ) which is a fraction of
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the total ejected energy of the stellar remnant. Both the Emaxp and the total proton energy
estimates the energetics of the stellar remnant, for the HNRs ETp is in the range 5×1051–1052
erg [27], whereas for SNRs the ETp is expected to be at least one order lower. The maximum
energy (Emaxp ) for the SNRs and HNRs populations are in the range 1–10 PeV and 10
2–103
PeV, respectively [28, 29].
The pion production efficiency (ηpi) gives a measure of the escape time of cosmic ray
protons in the host galaxy, i.e. if the proton confinement time is long enough to collide with
the interstellar medium (ISM) gas and loose energy via pion and other subsequent secondary
particle production. The SBGs with their larger proton density [30] are expected to have
more efficient energy loss compare to the NSFGs producing larger secondary neutrino and
gamma ray fluxes.
Finally, the total secondary background also depends on the relative population of the
different stellar remnants and their redshift dependence . The RSR(z) is considered to follow
the star formation rate RSFR(z) [31, 32]. In particular, the SNR rate is RSNR(z) = 1.22 ×
10−2RSFR(z)M−1 [33] and the HNR rate is RHNR(z) ≤ 10−4RSFR(z)M−1 [34, 35, 36] .
Thus both the secondary neutrino and gamma ray characteristics are dependent on sev-
eral source factors; the energetics, mass and explosion mechanism of the stellar remnants
and the host galaxies molecular densities, magnetic field and dimensions. The neutrinos
once emitted from the source galaxies travel freely but the gamma rays gets absorbed both
inside the galaxy and during intergalactic path. In the following, we explain this gamma ray
absorption in more detail.
3 Gamma ray absorption in the intergalactic medium
The emitted gamma rays, while traveling through intergalactic medium, interact with the
photons of EBL and CMB ( depending on their energy) and get absorbed through e+/e−
pair production. The higher energy photons are more susceptible to the interaction as
the absorption probability increases with energy and distance of the gamma ray source.
Therefore the diffuse gamma ray background mostly gets populated by the low energy,
unabsorbed component. In particular, the optical depth τγγ(Eγ, z) of the photons depend on
both the photon energy and the source redshift. For example, only nearby (z < 1) emissions
will allow photons above 1 TeV to propagate. In fact, even from nearby distances (z < 0.1)
only photons up to tens of TeV can travel without being attenuated.
The efficiency of this absorption strongly depend on the distribution of the EBL in the
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intergalactic media. There are large uncertainties regarding the EBL estimates and thus also
on the universe’s opacity. These similarly imply uncertainties in the diffuse gamma spectra.
In this section, we will focus only on one such EBL estimate [37] and demonstrate the order
of the resultant flux. However, to generate a broader understanding of the topic, in section 5,
we will look into different estimations of the optical depth [37, 38].
The diffuse gamma flux have another low energy contribution coming from the cascading
of the fluxes with energies higher than 10 TeV. The e+/e− pair scatter with the EBL photons
via inverse Compton mechanism producing the electromagnetic cascade. This process runs
till the cascaded photons are above the e+/e− pair production threshold. The exact details
of these processes are complex and beyond the scope of this work [39]. However, when this
cascading process is sufficiently developed, if adopts a near-universal form, namely [39, 40]
GEγ ∝
(Eγ/Ebrγ )−1/2, (Eγ ≤ Ebrγ )(Eγ/Ebrγ )1−β, (Ebrγ < Eγ ≤ Ecutγ ), (3)
where EγGEγ is the shape of the gamma ray spectrum produced at the source. E
cut
γ is
given by the intergalactic suppression due to pair creation, which depends on the distance
z of the source, the energy Eγ and on the specific cosmic opacity estimate chosen. The
parameter Ebrγ is given by E
br
γ ' 0.034(GeV)(Ecutγ /0.1TeV)2((1 + z)/2)2, and β will be taken
to be 2 [39, 40].
In figure 1, we show the ‘multimessenger spectra’ produced by this scenario. The black
data points describe the IC observed flux [5], and the solid, black line is the neutrino flux
obtained with the above discussed model. For this particular curve, we have assumed 20 % of
SBGs, and a SNR and HNR remnant luminosity of 5×1051 erg/s and 1052erg/s, respectively.
This neutrino diffuse flux is compatible with the experimental points. In fact, we normalize
our neutrino flux with the IC best fit at 100 TeV [5].
The blue data points on the figure are the Fermi-LAT data points for the IGRB [15].
On the other hand, according to [16] at least 86 % of the extra-galactic diffuse gamma-ray
background (EGB) are due to known point sources like blazar, GRB etc. The rest 14 % is
the upper limit of the gamma flux correlated to the neutrino spectra. The green, dashed
line is the lower limit of the best-fit 14 % non-blazar emission in the 0.05-1 TeV EGB [16].
The dotted orange curve represents the unabsorbed diffuse gamma ray flux associated to
the neutrino flux, using the EBL estimates provided by [37]. The dashed pink line is the
diffuse flux from the cascading component of the original gamma flux. The total gamma flux
is given by the blue continuous curve. The flux above the hundred GeV range is primarily
determined by the intergalactic absorption, as we go to lower energies (GeV), the cascading
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Figure 1: The single flavor diffuse neutrino spectra and the IC data [5] are given by
the black continuous curve and points, respectively. The blue continuous line is the total
gamma flux when using the [37] estimation for EBL absorption. The pink, dashed curve is
the cascading counterpart and the dotted orange line is the usual unabsorbed counterpart.
The blue points are the IGRB measured by Fermi-LAT, and the green, dashed green line is
the 14 % non-blazar limit for the EGB [16].
part will also have a significant contribution.
It is evident that the diffuse gamma ray flux is overpopulating the 14 % limit and can be
thought of as an evidence against SFG origin of the IceCube neutrinos [22]. Off course, as we
have already pointed out that these results depend on the intergalactic gamma ray opacity
model, which will be discussed in section 5. However, there is another crucial factor missing
in these estimations. In between the two components of the SFGs, i.e, NSFGs and SBGs,
the dominant contribution of both the ν and γ fluxes are coming from the SBGs. The SBGs
with their larger photon density, length scale and magnetic field strength have significantly
larger gamma ray opacity compared to the NSFGs. This gamma absorption in these SBGs
can give rise to interesting scenarios and in the next section we discuss this feature in detail.
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4 Gamma ray absorption inside the SBGs
The large photon number density present in the interior of SBGs makes this environment
opaque to TeV-PeV gamma rays [41, 42]. This will imply that highly energetic gamma
rays will interact inside the galaxy despite of its small scale when compared to intergalactic
distances and will create e+/e− pairs. However, unlike the case of the intergalactic medium,
the larger magnetic fields will change the fate of the low energy cascade component in SBGs.
The e+/e− pairs produced in these collisions will loose their energy through synchrotron
radiation, resulting in emission of photons with energy below GeV and therefore inhibiting
the cascading [43]. These models are based on the observation of the nearby (z ' 10−3)
SBGs [41, 44, 45]. These phenomenological models of SBGs have been extrapolated to the
average properties of the far away starburst galaxies with radius of the order of 1 kpc and
intense magnetic fields (B ∼ mG) [46, 47]. Of course, a part of the gamma rays will escape
the galaxy without interacting and contribute to the cascading. However, this fraction is
found to be negligible. Based on reference [43], for a SBG of radius 1 kpc more than 90 %
of the produced gamma rays convert into synchrotron radiation. Indeed, this significantly
reduce the cascading counterpart of the diffuse gamma ray flux.
The figure 2 describes this effect of the intragalactic gamma ray absorption. The neutrino
diffuse flux is the same as in figure 1 and the same estimation [37] of the intergalactic
absorption has been adopted. The blue data points are again the IGRB flux measured by
Fermi-LAT. The orange, dotted curve represents the flux which has not been absorbed in
the intergalactic medium and the new cascade flux is shown by the orange dashed line. The
total diffuse gamma ray flux is described by the blue, continuous curve. From the figure,
one can appreciate the effect on the cascade flux and therefore on the total gamma ray
flux. More precisely, comparing the cascade component with that of the figure 1 shows a
significant reduction in the flux due to the absorption inside the SBGs. This crucial feature,
which has been often overlooked, is indeed the main reason why the gamma ray flux can
avoid overpopulating the non-blazar EGB bound [16].
5 Sources of uncertainties
The spectra of both the neutrino and gamma ray depend on several model parameters with
large uncertainties. The flux estimations with the present knowledge of the astrophysical
parameters give rise to a band rather than a single line [12]. In section. 2 the neutrino flux
uncertainties from the astrophysical sources has been discussed in detail. The gamma ray
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Figure 2: Same curve legends as in the figure 1. However, the gamma fluxes are now
estimated with the intragalactic absorption in the SBGs [44].
counterpart not only get influenced by these source uncertainties but also from the model
dependence of their propagation inside the galaxy and intergalactic medium.
The gamma absorption in the intergalactic medium can get significant influence from
the deviations in the EBL estimations which in turn depend on the uncertainties of the
observational data from deep galaxy surveys. The curves shown in the figure 1, 2 are done
with the empirical determination of the intergalactic background light of reference [37].
However, there are several other estimations of the opacity or optical depths [48, 49, 50] of
the intergalactic medium. These differences actually generate from systematic and statistical
uncertainties of different experiments and astrophysical sources.
The main motivation of this discussion is to gain a general understanding of the problem
rather than fixing details of the models. Therefore, we use two extreme estimations for the
intergalactic absorption from [37], one with the largest opacity and another one with the
minimal opacity [37]. These two curves give us the upper and lower limit of the band of
the uncertainties coming from opacities. We also estimate the flux with another fit of the
optical depth [38]. In figure 3 the green dashed line is the limit from the 14 % of the EGB,
allowed for non-blazar sources. The IC and Fermi-LAT data points are the same as in the
figure 1. The black continuous line is the neutrino flux line. The corresponding gamma rays
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for the [38] is the red dotted curve, the gray band between the blue lines are from the [37]
extreme cases. The gamma fluxes are with both intergalactic, intragalactic absorption and
also with the cascade component.
The gamma band shows the uncertainties coming from the intergalactic gamma opacity
can be significant, however within these model uncertainties the tension [16] in the gamma
and neutrino correlation does not seem to be very significant. The SBG models can still
successfully explain the IC flux and do not overpopulate the gamma bounds. Off course, the
uncertainties in the neutrino spectra can give rise to more possibilities.
Another important source of uncertainty arises from the intragalactic absorption. The
optical depths in primitive SBGs are difficult to measure. The size and shape of these high
redshift SBGs, i.e, the absorption path length of the gamma rays are another source of the
uncertainty. Moreover, the main reason for the suppression of cascade gamma component
in SBGs is their large magnetic fields which increases the synchrotron radiation from the
e+/e− pairs instead of populating diffuse gamma rays above GeV energy. However, the
observation of the nearby SBGs [41, 44, 45] are the only direct source of information about
their properties. The high redshift primitive galaxies are expected to be more extreme in
size, density and magnetic field strength than the observed local ones. In this sense, our
estimation of the intragalactic absorption is conservative. The diffuse gamma flux component
from the SBGs might be smaller compare to our estimations. Also note that this absorption
process is not significant for the NSFGs, so an increase in the NSFG fraction can still increase
the cascade component.
There are proposals that the apparent tension between the diffuse neutrino flux in IC
and the IGRB in Fermi-LAT might be pointing towards a different redshift evolution of the
SBGs. This might be a plausible scenario however that might not point towards a sudden
cut off in the redshift evolution of the SBGs [51]. Such a solution is more like a fine tuned
scenario, rather a detailed look at the connection of different SBG models and their overall
redshift evolution would be interesting [52]. Anyway, our estimation shows that with the
present astrophysical knowledge and uncertainties the tension between IC neutrinos and
IGRB is not significant.
6 Conclusions
Stellar remnants in normal star forming galaxies and star burst galaxies have been proven
to provide a diffuse neutrino flux compatible with the results obtained in the IceCube exper-
iment. The existence of two different kind of accelerators SNRs and HNRs in those galaxies
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Figure 3: The IC and Fermi-LAT data points are the same as the figure 1 and the green
dashed line is the non-blazar EGB limit. The black continuous line is the neutrino flux line.
The corresponding gamma rays for the [38] is the red dotted curve, the Grey band between
the blue lines are from the [37] models. The gamma fluxes are with both intergalactic and
intragalactic absorption.
also give rise to the characteristic break in the neutrino spectrum. Nevertheless, because
of the hadronic origin of the neutrino flux associated gamma ray production would be un-
avoidable. In light of the recent studies of the diffuse gamma spectra of Fermi-LAT and the
blazar contribution to this diffuse spectra a tension between the diffuse gamma and neutrino
spectra has been suggested. We have studied how the different models for the intergalactic
absorption affect the diffuse gamma ray spectrum. Moreover, very importantly we have
added the internal absorption of gamma rays present in SBGs to show how this modify the
spectrum in the GeV-TeV energies. In particular, the cascading part of the diffuse gamma
spectra gets a major reduction from this galactic absorption. Combining these two effects,
we have shown that under reasonable assumption of the astrophysical uncertainties this dif-
fuse γ ray flux can be compatible with the current experimental limits. The main conclusion
from this study is therefore that the diffuse gamma ray flux associated to this SBG models
cannot be used to rule out this scenario that stellar remnants embedded in SBGs are the
main source of the diffuse IC neutrino spectra. This work is a reassurance of this previously
presented models.
11
Therefore, the neutrino diffuse flux spectrum footprint predicting a spectra break around
100 TeV is a better tool to test these models describing the origin of the cosmic neutrinos.
This is based on the fact that the weakly interacting neutrinos do not suffer from the above
mentioned absorptions and one can avoid the uncertainties introduced by the EBL density
and the SBGs internal absorption. Indeed, it would be interesting to investigate the IceCube
data accumulation time frame and the statistical significance necessary to confirm or to rule
out this spectral break scenario. Nevertheless, as shown in this work, it is always essential
to provide a consistent multimessenger picture.
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